Introduction
============

Human bladder cancer is a heterogeneous disease that is one of the most common types of cancer worldwide, with \~550,000 new diagnosed cases annually ([@b1-ol-0-0-11839]). In the Western world, bladder cancer is the 4th most common malignancy in men; the incidence in women is approximately one-third of that in men ([@b2-ol-0-0-11839]). Bladder cancer is classified into non-muscle-invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC): \~75% of patients with bladder cancer exhibit NMIBC, and 15--20% of NMIBCs progress to MIBCs; the remaining 25% of patients exhibit MIBC at first diagnosis ([@b3-ol-0-0-11839],[@b4-ol-0-0-11839]). However, MIBC is highly aggressive, and patients with invasive bladder cancer exhibit a poor prognosis with a 5-year survival rate of \<50% ([@b5-ol-0-0-11839]). The treatment options for bladder cancer include radiation alone, chemotherapy alone, combination treatment with radiation and chemotherapy or surgery, and the selected treatment is dependent on the age of the patient, the aggressiveness of the disease and drug effectiveness ([@b6-ol-0-0-11839]). Despite the various treatment options, metastasis is fatal for patients; therefore, uncovering the underlying mechanism of metastasis and screening for antimetastatic drugs is urgently needed.

Chronic inflammation increases the risk of cancer and contributes to tumor development through the induction of oncogenic mutations, enhanced angiogenesis and early tumor promotion ([@b7-ol-0-0-11839]). Tumor-associated inflammation is associated with tumor progression; evidence has indicated that inflammation impacts every step of tumorigenesis, from initiation through promotion to invasion and metastasis ([@b8-ol-0-0-11839]). Traditional Chinese medicine provides the material basis and molecular structure framework for the screening of antitumor drugs. Heat-clearing and detoxifying herbs have been reported to serve important roles in anti-inflammation, tumor cells death and suppression of tumor proliferation as well as metastasis ([@b9-ol-0-0-11839]). *Paris polyphylla* (chonglou) is a heat-clearing and detoxifying herb mainly used in traditional Chinese medicine to treat headaches, fevers and wounds, as well as for neutralizing snake poison ([@b10-ol-0-0-11839]). Extracts from *Paris polyphylla* have also been demonstrated to exert anticancer effects in breast ([@b11-ol-0-0-11839]), lung ([@b12-ol-0-0-11839]) and ovarian ([@b13-ol-0-0-11839]) cancer. In the Chinese Pharmacopoeia, Polyphyllin (PP) I, PPII, PPVI and PPVII are the key components for identifying *Paris polyphylla* ([@b14-ol-0-0-11839]). Therefore, these four extracts have gained increasing attention and have been chosen to be studied in cancer treatment.

The epithelial-mesenchymal transition (EMT) serves vital roles in angiogenesis, cell invasion and metastasis ([@b15-ol-0-0-11839]). The key changes during EMT include a decrease in the levels of the epithelial marker E-cadherin (CDH1) and increases in those of the mesenchymal marker N-cadherin (CDH2), as well as snail family transcriptional repressor 2 (SNAI2) and twist family bHLH transcription factor 1 (TWIST1), which are two transcriptional inhibitors of CDH1 ([@b16-ol-0-0-11839]). PPs, especially PPI, have been demonstrated to suppress tumor cell invasion and migration *in vitro*. PPI, which is an active component of *Paris polyphylla*, suppresses metastasis in hepatocellular carcinoma by downregulating the formation of vasculogenic mimicry via the TWIST1/VE-cadherin pathway ([@b17-ol-0-0-11839]). PPI has also been demonstrated to inhibit gastric cancer cell invasion by suppressing the EMT-associated CIP2A/PP2A/Akt signaling pathway ([@b18-ol-0-0-11839]). However, to the best of our knowledge the role and the underlying mechanism of PPs, especially PPII, in the inhibition of bladder cancer metastasis have not been studied.

The aim of the present study was to screen sensitive heat-clearing and detoxifying herbs and their effective components in bladder cancer. In addition, the present study aimed to identify the inhibitory effect and mechanism of PPII, a vital component of ethanol extracts of *Paris polyphylla* (PPE), on the invasion and migration of human bladder cancer cells *in vitro*.

Materials and methods
=====================

### Cell culture

Human bladder cancer cell lines T24 and 5637 (kindly provided by Professor Shengtian Zhao, Shandong Provincial Hospital, Jinan, China) were cultured in RPMI-1640 medium (cat. no. CM10041; Macgene Technology Co., Ltd.) supplemented with 10% (v/v) fetal bovine serum (FBS, cat. no. 04-001-1ACS; Biological Industries). Cells were incubated in a humidified atmosphere with 5% CO~2~ at 37°C.

### Reagents

PPI (cat. no. A0386), PPII (cat. no. A0387), PPVI (cat. no. A0389) and PPVII (cat. no. A0390) of ≥98% purity were purchased from Chengdu Must Bio-Technology Co., Ltd. and dissolved in DMSO (cat. no. D8370; Sigma-Aldrich; Merck KGaA). Antibodies against CDH1 (cat. no. 20874-1-AP) and ACTB (cat. no. 66009-1-Ig) were purchased from Proteintech Group, Inc. Antibodies against CDH2 (cat. no. ab98952), TWIST1 (cat. no. ab50581) and SNAI2 (cat. no. ab27568) were obtained from Abcam, and antibodies against matrix metallopeptidase (MMP) 2 (cat. no. 87809) and MMP9 (cat. no. 13667) were obtained from Cell Signaling Technology, Inc. The secondary antibodies HRP-labeled Goat Anti-Rabbit IgG (H+L) (cat. no. A0208) and HRP-labeled Goat Anti-Mouse IgG (H+L) (cat. no. A0216) were purchased from Beyotime Institute of Biotechnology.

### Compound extraction

PPE were prepared using EtOH/H~2~O (60/40, v/v) for 2 h twice under reflux conditions to generate a crude extract, followed by filtration with 150 µm filter cloth. The filtrates were combined, concentrated and separated from the liquid reaction mixture by water precipitation. Following 12-h incubation at 4°C, the extracted solution was filtered, precipitated and dried. Finally, dry powders were obtained and dissolved in DMSO to be used for bladder cell treatment. A total of five compounds including *Scutellaria barbata, Pulsatillae* decoction, Dahuang Huanglian Xiexin decoction, Bazhengsan and *Hedyotis diffusa* combined with *S. barbata* were immersed in 10X pure water for 1 h. Subsequently, the compounds were boiled twice over a light flame, and the filtrates were merged and condensed into extracts using a rotary evaporator. The condensed extracts were freeze-dried, and each powder was weighed and dissolved in water prior to experimental use.

### Cell viability assay

The sensitivity to the six extracts and cisplatin of bladder cancer cells was detected using the Cell Counting Kit-8 (CCK-8; cat. no. CK04; Dojindo Molecular Technologies, Inc.) according to the manufacturer\'s instructions. Briefly, T24 (6.0×10^3^ cells/well) and 5637 (8.0×10^3^ cells/well) cells were cultured in quintuplicate in 96-well plates at 37°C overnight and treated with the drugs at different concentrations: \[Cisplatin, T24 (0, 0.5, 1, 2, 4, 8 µg/ml) and 5637 (0, 1, 3, 9, 27, 81 µg/ml)\]; \[PPE, T24 (0, 1, 2, 4, 8, 16 µg/ml) and 5637 (0, 1, 3, 9, 27, 81 µg/ml)\]; \[*Scutellaria barbata*, T24 (0, 0.1, 0.2, 0.4, 0.8, 1.6 mg/ml) and 5637 (0, 0.25, 0.5, 1, 2, 4 mg/ml)\]; *Hedyotis diffus*a combined with *S. barbata*, T24 and 5637 (0, 0.25, 0.5, 1, 2, 4 mg/ml); \[*Pulsatillae* decoction, T24 (0, 0.25, 0.5, 1, 2, 4 mg/ml) and 5637 (0, 0.05, 0.1, 0.2, 0.4, 0.8 mg/ml)\]; \[Dahuang Huanglian Xiexin decoction; T24 (0, 0.25, 0.5, 1, 2, 4 mg/ml) and 5637 (0, 0.05, 0.1, 0.2, 0.4, 0.8 mg/ml)\]; and Bazhengsan, T24 and 5637 (0, 0.25, 0.5, 1,2, 4 mg/ml) for 48 h. Subsequently, the medium was removed, and the cells were incubated with 90 µl new culture medium supplemented with 10 µl CCK-8 reagent for 2--4 h. Absorption at 450 nm was detected using a spectrophotometer (Type, 1510; Thermo Fisher Scientific Inc.).

### Wound healing assay

The bladder cancer cells T24 (6.5×10^5^ cells/well) and 5637 (8.0×10^5^ cells/well) were seeded in 6-well plates. At 24 h, when the cells had reached 90% confluence, linear scratch wounds were created on the cell monolayers in triplicate using a sterile 200-µl pipette tip. The cells were maintained in RPMI-1640 medium containing 1% FBS. Images were captured at 0, 24 and 48 h using an inverted fluorescence microscope (Vert. A1; Carl Zeiss AG) to measure mean distance between edges of wound area. Representative images of wound treated with PPE were observed at ×50 magnification; images of wound for T24 cells treated with PPII were observed at ×50 and 5637 cells at ×100 magnification.

### Transwell assay

A 24-well plate was used to determine the effect of drugs on bladder cancer invasion. Bladder cancer cells were harvested and resuspended in serum-free medium supplemented with drugs at different concentrations (PPE for T24 cells at 0, 0.6 and 1.2 µg/ml; and for 5637 at 0, 0.95 and 1.9 µg/ml; PPII for cells at 0, 0.1 and 0.2 µg/ml). An 8-µm pore size filter was pre-coated with Matrigel (cat. no. 354234; BD Biosciences) at 37°C for 30 min, and the lower chamber was filled with medium containing 10% FBS. Suspended bladder cancer cells (2.5×10^4^ cells/well) were seeded in the upper chamber and incubated for 48 h at 37°C. Subsequently, the filter was fixed with 4% paraformaldehyde fix solution (cat. no. P0099; Beyotime Institute of Biotechnology) for 15 min and stained with 0.1% crystal violet for 30 min at room temperature. Finally, the cells and Matrigel on the upper chamber were scraped with a cotton swab, and the invasive cells on the lower surface were counted under an inverted fluorescence microscope (Vert. A1; Carl Zeiss AG). Three fields for each sample were captured at ×100 magnification.

### Western blotting

The total proteins were obtained from bladder cancer cells treated with PPII for 48 h at different concentrations (0, 0.1, 0.2 and 0.4 µg/ml). Cell lysates were acquired using RIPA cell lysis buffer and centrifuged at 16,363 × g at 4°C for 15 min. A bicinchoninic acid assay kit (cat. no. P0012S; Beyotime Institute of Biotechnology) was used to determine the protein concentration, and 10% SDS-PAGE was applied to separate equal amounts of proteins (40 µg protein loaded per lane). After the proteins were transferred to PVDF membranes, the membranes were blocked with 5% nonfat milk for 1 h at room temperature and incubated with primary antibodies at a 1:1,000 dilution at 4°C overnight. Appropriate secondary antibodies conjugated with horseradish peroxidase at 1:2,000 dilution were used to incubate membrane-bound primary antibodies at room temperature for 1 h, followed by development of immunoblots using an enhanced chemiluminescence kit (cat. no. WBKLS0050; Merck KGaA). The densitometry analysis was performed using Image-Pro Plus version.6.0 (Media Cybernetics Inc.).

### Statistical analysis

All experiments were conducted at least three times. Data are presented as the mean ± SEM. Statistical analysis was performed using GraphPad Prism 5.0 software (GraphPad Software, Inc.) by one-way ANOVA with Dunnett\'s post hoc test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Bladder cancer cells are sensitive to PPE

To identify heat-clearing and detoxifying herbs that affect bladder cancer cells, 5637 and T24 cells were challenged with PPE ([Fig. S1B](#SD1-ol-0-0-11839){ref-type="supplementary-material"}), *S. barbata* ([Fig. S1C](#SD1-ol-0-0-11839){ref-type="supplementary-material"}), *Hedyotis diffusa* combined with *S. barbata* ([Fig. S1D](#SD1-ol-0-0-11839){ref-type="supplementary-material"}), *Pulsatillae* decoction ([Fig. S1E](#SD1-ol-0-0-11839){ref-type="supplementary-material"}), Dahuang Huanglian Xiexin decoction ([Fig. S1F](#SD1-ol-0-0-11839){ref-type="supplementary-material"}) and Bazhengsan ([Fig. S1G](#SD1-ol-0-0-11839){ref-type="supplementary-material"}) for 48 h at different concentrations. Cisplatin was used as a positive control ([Fig. S1A](#SD1-ol-0-0-11839){ref-type="supplementary-material"}). Bladder cancer cells T24 and 5637 were more sensitive to PPE compared with the other herbs. The IC~50~ of each compound in different cells was calculated and analyzed; the results demonstrated that PPE treatment exerted a stronger inhibitory effect on the viability of T24 and 5637 cells compared with that of other compounds, with IC~50~ values of 4.43±0.08 and 7.87±0.39 µg/ml, respectively ([Table I](#tI-ol-0-0-11839){ref-type="table"}), at 48 h. The inhibitory effect of PPE on bladder cancer cells was similar to that of the positive control cisplatin.

### PPE suppresses the migration and invasion of bladder cancer cells

In order to determine the appropriate drug concentration, CCK-8 was used to evaluate the viability of bladder cancer cells following PPE treatment. The results demonstrated that PPE inhibited the viability of T24 ([Fig. 1A](#f1-ol-0-0-11839){ref-type="fig"}) and 5637 ([Fig. 1B](#f1-ol-0-0-11839){ref-type="fig"}) cells at \>1.2 and 1.9 µg/ml, respectively (P\<0.001). Therefore, different concentrations of PPE were used in subsequent experiments to treat T24 (0, 0.6 and 1.2 µg/ml) and 5637 (0, 0.95 and 1.9 µg/ml) cells.

To investigate the effects of PPE on bladder cancer invasion and migration, wound healing and Transwell assays were performed in T24 and 5637 cells treated with PPE. The results revealed that PPE significantly suppressed the wound closure of T24 cells at 1.2 µg/ml ([Fig. 2A and B](#f2-ol-0-0-11839){ref-type="fig"}) and 5637 cells ([Fig. 2C and D](#f2-ol-0-0-11839){ref-type="fig"}) at 1.9 µg/ml (P\<0.001). The effect of PPE on the invasiveness of bladder cancer cells was further examined, and the results demonstrated that PPE suppressed the invasive ability of T24 ([Fig. 3A and B](#f3-ol-0-0-11839){ref-type="fig"}, P\<0.01 at 1.2 µg/ml) and 5637 ([Fig. 3C and D](#f3-ol-0-0-11839){ref-type="fig"}, P\<0.01 at 0.95 µg/ml and P\<0.001 at 1.9 µg/ml) cells compared with that of the control group. Therefore, PPE inhibited the invasive and migratory abilities of T24 and 5637 bladder cancer cells.

### Bladder cancer cells are sensitive to PPII

To determine which component from PPE served a role in the anticancer activity of PPE in bladder cancer cells, the essential components of PPE, including PPI ([Fig. S2B](#SD1-ol-0-0-11839){ref-type="supplementary-material"}), PPII ([Fig. S2C](#SD1-ol-0-0-11839){ref-type="supplementary-material"}), PPVI ([Fig. S2D](#SD1-ol-0-0-11839){ref-type="supplementary-material"}) and PPVII ([Fig. S2E](#SD1-ol-0-0-11839){ref-type="supplementary-material"}) were used to treat T24 and 5637 cells at different concentrations. Cisplatin was also used as a positive control ([Fig. S2A](#SD1-ol-0-0-11839){ref-type="supplementary-material"}). According to the IC~50~ values, T24 and 5637 cells were more sensitive to PPII compared with PPI, PPVI and PPVII ([Table II](#tII-ol-0-0-11839){ref-type="table"}).

### PPII suppresses bladder cancer cell migration and invasion

The bladder cancer cells T24 ([Fig. 4A](#f4-ol-0-0-11839){ref-type="fig"}) and 5637 ([Fig. 4B](#f4-ol-0-0-11839){ref-type="fig"}) were treated with 0, 0.025, 0.05, 0.1, 0.2 or 0.4 µg/ml PPII for 48 h. The viability of bladder cancer cells was inhibited when the concentration of PPII was 0.4 µg/ml (P\<0.05). Therefore, the antimetastatic activity of PPII was further analyzed using 0, 0.1 and 0.2 µg/ml PPII.

To further investigate the effects of PPII on bladder cancer cell migration and invasion, T24 and 5637 cells were treated with 0, 0.1 and 0.2 µg/ml PPII for 48 h. Cell migration was analyzed using a wound healing assay. PPII significantly inhibited the migratory rates of T24 cells at 0.2 µg/ml ([Fig. 5A and B](#f5-ol-0-0-11839){ref-type="fig"}; P\<0.05) and 5637 cells at 0.2 µg/ml treated for 48 h ([Fig. 5C and D](#f5-ol-0-0-11839){ref-type="fig"}; P\<0.01) compared with those in the control group. The invasive ability of bladder cancer cells was examined by a Transwell assay. The results indicated that PPII also significantly decreased the ability of T24 cells ([Fig. 6A and B](#f6-ol-0-0-11839){ref-type="fig"}; P\<0.001) and 5637 cells at 0.2 µg/ml ([Fig. 6C and D](#f6-ol-0-0-11839){ref-type="fig"}; P\<0.01) to traverse the membrane. These results suggested that PPII may inhibit the invasive and migratory abilities of bladder cancer cells.

### PPII affects the expression of EMT-associated proteins and MMPs

Since EMT-inducing transcription factors promote cancer metastasis, the present study examined whether PPII inhibited bladder cancer migration and invasion by regulating the expression of EMT-associated proteins. As markers of EMT, the expression levels of CDH1 and CDH2 were detected by western blot analysis. The results demonstrated that the expression of CDH1 in T24 ([Fig. 7A](#f7-ol-0-0-11839){ref-type="fig"}) and 5637 ([Fig. 7B](#f7-ol-0-0-11839){ref-type="fig"}) cells was significantly increased following PPII treatment, whereas that of CDH2 was decreased compared with the control group. In addition, the expression levels of the transcriptional repressors of CDH1, including SNAI2 and TWIST1, were decreased in PPII-treated cells compared with those in the untreated control group ([Fig. 7C and D](#f7-ol-0-0-11839){ref-type="fig"}). The expression levels of gelatinases MMP2 and MMP9, which serve crucial roles in maintaining extracellular matrix homeostasis and tumor invasion, were also significantly inhibited by PPII compared with those in the control group ([Fig. 7C and D](#f7-ol-0-0-11839){ref-type="fig"}). These results suggested that PPII-induced migration and invasion inhibition may occur through the suppression of EMT and MMPs expression.

Discussion
==========

Although neoadjuvant chemotherapy, surgery and combinational chemotherapy have been widely used in bladder cancer treatment, it is still one of the most common tumors with a poor prognosis and a low 5-year survival rate ([@b1-ol-0-0-11839]). Drug resistance is a major obstacle to bladder cancer chemotherapy, and \>50% of NMIBC patients will recur in the future ([@b19-ol-0-0-11839]). Of note, bladder cancer has become the most expensive disease among all types of cancer due to the need for life-long recurrence monitoring ([@b20-ol-0-0-11839]), and bladder cancer metastasis is still a fatal disease. Thus, there is an urgent need to identify effective drugs to inhibit the progression of bladder cancer, especially metastasis, and to elucidate the detailed underlying molecular mechanisms. Increasing evidence has indicated that heat-clearing and detoxifying Chinese medicines exert anticancer effects without significant toxic effects ([@b21-ol-0-0-11839]--[@b24-ol-0-0-11839]). Chinese medicine provides a library with which to develop potential drugs for the prevention of tumor formation and metastasis.

Tumor metastasis is considered the primary lethal factor for patients with cancer ([@b25-ol-0-0-11839]). Therefore, the prevention of cancer metastasis is the key means to improving the survival rate of patients with cancer ([@b26-ol-0-0-11839]). In the present study, with the aim of identifying natural antimetastatic drugs against bladder cancer and investigating the associated molecular mechanisms, the effects of six heat-clearing and detoxifying compounds on the viability of bladder cancer cells were evaluated. The results demonstrated that bladder cancer cells were sensitive to PPE, which had an inhibitory effect on cell migration and invasion. To further investigate the antimetastatic mechanisms of PPE, the major components PPI, PPII, PPVI and PPVII were applied to treat bladder cancer cells; the results demonstrated that cancer cells were more sensitive to PPII compared with the other polyphyllins. When PPE, PPII and cisplatin were used to treat T24 and 5637 cells, respectively, the IC~50~ value of PPII was lower compared with that of PPE and cisplatin. In addition, exposure to PPII significantly inhibited bladder cancer cell invasion and migration by regulating the expression of EMT-associated proteins and MMPs.

EMT is a key step in cancer metastasis characterized by high expression of mesenchymal markers and low expression of epithelial markers ([@b27-ol-0-0-11839],[@b28-ol-0-0-11839]). SNAI2 and TWIST1 are the major transcription factors regulating EMT that contribute to cancer metastasis via enhanced cell invasion ([@b29-ol-0-0-11839]). SNAI2 is an essential mediator of TWIST1-induced EMT ([@b30-ol-0-0-11839]); thus, the expression of these two EMT inducers was estimated in the present study and their levels obviously decreased after PPII treatment. In addition, CDH1 and CDH2, which are EMT markers, were dysregulated in bladder cancer cells, consistent with a previous study ([@b31-ol-0-0-11839]). Of note, the role and involvement of MMPs in cancer metastasis have been extensively investigated ([@b32-ol-0-0-11839],[@b33-ol-0-0-11839]). MMP2 and MMP9 are widely studied MMPs in cancer progression and serve important roles in regulating tumor angiogenesis, invasion and metastasis mainly through degrading the extracellular matrix ([@b34-ol-0-0-11839]). In the present study, PPII treatment significantly increased the expression of CDH1 and decreased that of CDH2, SNAI2, TWIST1, MMP2 and MMP9 in bladder cancer cells compared with the untreated control. These results indicated that PPII may inhibit bladder cancer cell invasion and migration by regulating the expression of EMT-related proteins and MMPs.

Anticancer activities of extracts of *Paris polyphylla* have been previously reported. PPE suppressed the proliferation and promoted apoptosis of human osteosarcoma cells ([@b35-ol-0-0-11839]). Furthermore, an aqueous extract of *Paris polyphylla* was previously demonstrated to suppress ovarian cancer proliferation and migration *in vitro* via downregulation of peroxisome proliferator-activated receptor γ coactivator 1α ([@b36-ol-0-0-11839]). However, the effect of PPE on bladder cancer metastasis has not been investigated. In the present study, using six heat-clearing and detoxifying Chinese medicines, it was demonstrated that PPE significantly suppressed bladder cancer migration and invasion. To identify the effective component of bladder cancer, PPI, PPII, PPVI and PPVII were used to treat bladder cancer cells. The results demonstrated that bladder cancer cells exhibited the highest sensitivity to PPII; the antitumor effects of PPII have been previously demonstrated in other cancer cell, such as HepaRG ([@b37-ol-0-0-11839]). However, the role of PPII in inhibiting the metastasis of bladder cancer has not been studied. The present study broadened the antimetastatic scope of PPII and verified that PPII exerted an inhibitory effect on the migration and invasion of bladder cancer cells. However, the antimetastatic roles of the other polyphyllins should not be ignored; PPI has been extensively studied and proposed to serve antimetastatic functions, and its roles in ovarian ([@b38-ol-0-0-11839]) and lung ([@b39-ol-0-0-11839]) cancer have been identified. Bladder cancer cells were more sensitive to PPII compared with other polyphyllins in the present study, so PPII was selected for the experiments, but the antimetastatic functions of PPI, PPVI and PPVII in bladder cancer will be verified in future studies.

In conclusion, the results of the present study demonstrated that PPE inhibited bladder cancer migration and invasion and that the PPII component served an important role in the inhibitory effects. These results suggested that PPII may be a potential candidate for antimetastatic drug design. In addition, the results of the present study demonstrated that PPII, at least in part, targeted the expression of EMT-associated proteins and MMPs to suppress bladder cancer cell migration and invasion. Thus, these results lay the foundation for further studies of the antimetastatic mechanisms of PPE and PPII.
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![Effects of PPE on the viability of bladder cancer cells. (A) T24 cells; (B) 5637 cells. Experiments were conducted in triplicate. NS, not significant; \*\*\*P\<0.001. PPE, ethanol extracts of *Paris polyphylla*.](ol-20-03-2928-g00){#f1-ol-0-0-11839}

![Effects of PPE on the migration of bladder cancer cells. (A and B) T24 cells; (C and D) 5637 cells. Magnification, ×50. Experiments were conducted in triplicate. NS, not significant; \*\*P\<0.01; \*\*\*P\<0.001. PPE, ethanol extracts of *Paris polyphylla*.](ol-20-03-2928-g01){#f2-ol-0-0-11839}

![Effects of PPE on the invasion of bladder cancer cells. (A and B) T24 cells; (C and D) 5637 cells. Representative images of T24 and 5637 invasion were captured at ×100 magnification. Experiments were conducted in triplicate. NS, not significant; \*\*P\<0.01; \*\*\*P\<0.001. PPE, ethanol extracts of *Paris polyphylla*.](ol-20-03-2928-g02){#f3-ol-0-0-11839}

![Effects of PPII on the viability of bladder cancer cells. (A) T24 cells; (B) 5637 cells. Experiments were conducted in triplicate. NS, not significant; \*P\<0.05; \*\*\*P\<0.001. PPII, polyphyllin II.](ol-20-03-2928-g03){#f4-ol-0-0-11839}

![Effects of PPII on the migration of bladder cancer cells. (A and B) T24 cells, magnification, ×50; (C and D) 5637 cells, magnification, ×100. Experiments were conducted in triplicate. NS, not significant; \*P\<0.05; \*\*P\<0.01. PPII, polyphyllin II.](ol-20-03-2928-g04){#f5-ol-0-0-11839}

![Effects of PPII on the invasion of bladder cancer cells (magnification, ×100). (A and B) T24 cells; (C and D) 5637 cells. Experiments were conducted in triplicate. NS, not significant; \*\*P\<0.01; \*\*\*P\<0.001. PPII, polyphyllin II.](ol-20-03-2928-g05){#f6-ol-0-0-11839}

![The expression of EMT-associated proteins and MMPs was examined by western blotting after (A) T24 and (B) 5637 cells were treated with different concentrations of PPII. ACTB was used as a loading control. The relative expression of proteins in (C) T24 and (D) 5637 cells treated with PPII at different concentrations was calculated. Experiments were conducted in triplicate. NS, not significant; \*P\<0.05; \*\*P\<0.01; \*\*\*P\<0.001. PPII, polyphyllin II; ACTB, β-actin; CDH1, E-cadherin; CDH2, N-cadherin; SNAI2, snail family transcriptional repressor 2; TWIST1, twist family bHLH transcription factor 1; MMP, matrix metallopeptidase.](ol-20-03-2928-g06){#f7-ol-0-0-11839}

###### 

IC~50~ values of six classic heat-clearing and detoxicating herbs and cisplatin

                                                         IC~50~      
  ------------------------------------------------------ ----------- -----------
  Cisplatin, µg/ml                                       1.30±0.17   2.62±0.30
  PPE, µg/ml                                             4.43±0.08   7.87±0.39
  *Scutellaria barbata*, mg/ml                           0.75±0.06   0.67±0.04
  *Pulsatillae* decoction, mg/ml                         0.45±0.02   0.16±0.01
  Dahuang Huanglian Xiexin decoction, mg/ml              0.82±0.02   0.14±0.03
  Bazhengsan, mg/ml                                      1.84±0.09   0.85±0.05
  *Hedyotis diffusa* combined with *S. barbata*, mg/ml   0.67±0.04   0.45±0.03

IC~50~, half-maximal inhibitory concentration; PPE, ethanol extract of *Paris polyphylla*.

###### 

IC~50~ values of four components from *Paris polyphylla* and cisplatin.

                    IC~50~, µg/ml   
  ----------------- --------------- -----------
  Cisplatin         1.15±0.11       3.25±0.33
  Polyphyllin I     0.42±0.04       2.48±0.13
  Polyphyllin II    0.64±0.03       0.71±0.23
  Polyphyllin VI    0.84±0.02       3.79±0.40
  Polyphyllin VII   0.53±0.02       3.51±0.27

IC~50~, half-maximal inhibitory concentration.
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